Alcoholism is a common disease; it is found in 10% to 15% of all patients admitted to general hospitals. There is no single characteristic finding, but on the other band, changes s compared with normal values have been reported in the literature for more than 30 frequently assayed clinical chemical and haematological parameters. In the project reported here all 24 clinical chemical parameters and all 8 haematological parameters frequently assayed were studied in each of 82 hospitalized inen with a confirmed diagnosis of alcoholism.
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Summary: Alcoholism is a common disease; it is found in 10% to 15% of all patients admitted to general hospitals. There is no single characteristic finding, but on the other band, changes s compared with normal values have been reported in the literature for more than 30 frequently assayed clinical chemical and haematological parameters. In the project reported here all 24 clinical chemical parameters and all 8 haematological parameters frequently assayed were studied in each of 82 hospitalized inen with a confirmed diagnosis of alcoholism.
The diagnosis of alcoholism was made on the basis of the Munich Alcoholism Test (MALT) together with the following standardized assessments and examinations: past history, an alcohol questionnaire, general physical examination and neurological examination. All forms were filled in completely.
All Steps in the clinical laboratory investigations were standardized, and all were subject to ongoing reliability control. The clinical problem is usually not to differentiate alcohol abusers or alcoholics from healthy persons but rather to identify the alcoholics among a population of patients with a variety of illnesses.
For this reason 70 patients from two hospitals who were clearly neither alcohol abusers nor alcoholics were studied in exactly the same manner s the alcoholics.
In this combined group of 152 hospitalized patients significant differences were found in the distribution of the values for the alcoholics and the non-alcoholics for the following clinical chemical and haematological parameters: at the 0.1% level γ-glutamyltransferase, aspartate minotransferase, urea, creatinine and mean corpuscular volume (MCV), and at the 1% level glutamate dehydrogenase, alanine aminotransferase and alkaline phosphatase. From these eight parameters those combinations of between two and six parameters were selected that discriminated best between the alcoholics and the non-alcoholics. Using conventional decision limits the following was found: Fpr the alcoholics two or more of the res lts for the following five parameters were outside the decision limits given in parentheses: γ-glutamyltransferase (^28 U/l), aspartate aminotransferase (^18 U/l), alanine aminotransferase (^22 U/l), MCV (^96 fl), creatinine (^66.3 μπιοΐ/ΐ). The diagnostic sensitivity (alcoholics) is 85%, the diagnostic specificity (non-alcoholics) is 64%.
For the non-alcoholics three or fewer results were outside the decision limits given in parentheses: γ-glutamyltransferase (<28 U/l), aspartate aminotransferase (<18 U/l), MCV (<96 fl), creatinine (>66.3 μιηοΐ/ΐ), urea-N (>5.0 mmol/1).
Bei Nicht-Alkoholikern werden 3 oder weniger Ergebnisse außerhalb der in Klammern angegebenen Entscheidungsgrenzen gefunden: -Glutamyltransferase (<28 U/l), Aspartat-aminotransferase (<18 U/l), MCV (<96fl), Kreatinin (>66,3 / ), Harnstoff-N (>5,0 mmol/1).
Die diagnostische Spezifität (Nicht-Alkoholiker) beträgt bei dieser Kombination bei den vorgegebenen Entscheidungsgrenzen 96% und die diagnostische Sensitivität (Alkoholiker) 50%.
Danach ist es möglich, aufgrund klinisch-chemischer Befunde bei Männern einen Alkoholismus zu erkennen oder auszuschließen.
Durch eine Optimierung der Entscheidungsgrenzen können die diagnostischen Prüfkriterien Sensitivität oder Spezifität oder Effizienz noch verbessert werden. Die optimierten Entscheidungsgrenzen für die Diskrimination der sicheren Alkoholiker von anderen Patienten, die sicher keine Alkoholiker sind, werden in den Tabellen 3-14 bis 3-16 mitgeteilt. Dabei werden bei einer Sensitivität (Alkoholiker) von 86% und einer Spezifität (Nicht-Alkoholiker) von 87% eine Effizienz von 173 erreicht, wenn die Entscheidungsgrenzen wie folgt festgelegt und Probanden als Alkoholiker diagnostiziert werden, wenn sie mindestens fünf Ergebnisse innerhalb dieser Grenzen aufweisen: -Glutamyltransferase ^27 U/l, Aspartat-aminotransferase ^9 U/l, AspartaWAlanin-aminotransferase ^0,63, mittleres Erythrocytenvolumen (MCV) ^89fl, Kreatinin ^70,7 / und Harnstoff-N ^6,4 mmol/1.
Arbeiten der letzten Jahre über klinisch-chemische und hämatologische "Marker" für Alkoholabusus werden mit den vorliegenden Daten methodisch und sachlich kritisch verglichen. Ein realistisches Bild ergibt sich nur aus den Vergleich von Alkoholikern mit anderen Patienten, die keine Alkoholiker sind, aber nicht aus dem Vergleich mit "Gesunden". Eine vollständige Trennung von Alkoholikern und Nicht-Alkoholikern in Patientenpopulationen ist bei unseren Daten mit keinem Verfahren möglich.
Die Untersuchungen bei Frauen sind abgeschlossen und werden ausgewertet.
Introduction and Description of the Problem
Alcoholism is a common disease. The prevalence among hospital patients who have been admitted for reasons other than drunkenness is between 10 and 15 percent (l, 2).
By alcoholism is meant bere excessive consumption of alcohol leading to a disturbance of physical, mental and/of social ftmctiori. This definition is consistent with the 1952 definition of the World Health Organizatioii and with the term "alcohol-related disabilities" used by Edwards et äl. (3) . The development of alcohol dependence is intentionally not discussed in this paper.
Since once consumed alcohol can reach virtually all body cells, alcohol abuse leads to metabolic, functional and sometimes even irreversible anatomical changes in numerous organs (4, 5, 6) . The Symptoms of these changes are extremely diverse, variable and, ffequently, uncharacteristic. Therefore, intensive efforts have been made to develop methods for the detection and exclusion of alcoholism.
Up to now no single characteristic Symptom has been found on which to base a diagnosis of alcoholism.
Since 1977 there has been a reliable "combination" test for the detection of alcoholism (7, 8) , the Munich Alcoholism Test (MALT). This test consists of two parts, the first requiring a self-rating by the patient (part S) and the second an assessment by a physician (part F) after a thorough examination of the patient. The two parts must be evaluated together. Part F contains one clinical chemistry criterion (the result for at least one of the three parameters aspartate aminotransferase, alanine aminotransferase and -glutamyltransferase must be outside of the normal ränge). For methodological reasons this criterion was omitted when evaluating the data in part F for use in this study.
The MALT requires the cooperation of the patient for part S. However, since alcoholism is an illness that patients tend to conceal both from themselves and from relatives for äs long äs possible, questions that could indicate the presence of alcoholism are answered inaccurately by uncooperative patients.
In clinical work a technique is therefore urgently needed that enables both the detection and the exclusion of alcoholism without interviewing the patient and his or her relatives.
The test developed by Shaw & Lieber (9) based on the ratio of plasma -amino-n-butyric acid to leucine (A/L) is unsuitable äs a screening test because of the time-consuming analytical procedure. This test detects only 80 percent of alcoholics and produces false positive results 2 percent of the time. Furthermore, it can be carried out only in specialized laboratories and is thus not available for use in routine diagnosis. The ratio is dependent on diet and is altered by liver disease. In addition, the A/L ratio cannot be üsed äs a screening test for alcoholism in populations that are heterogeneous with respect to nutrition or the extent of liver disease (5).
Thus there is still an urgent need for a test or a combination of tests for the detection of alcoholism that can be carried out easily and at any time both in hospitals and in physicians' Offices.
Changes in a great many clinical chemical parameters have been observed in connection with alcoholism. These have been discussed in a previous paper on excessive consumption of alcohol äs a biological influence factor (10) . It is demonstrated clearly in that paper that the detection or exclusion of alcoholism by assessment of a single clinical chemical parameter, i. e. on the basis of a single clinical laboratory finding, is not possible. This observation led to the multivariate assessment of the same analytical results, which is the subject of the present paper.
In recent years a number of studies have also been published on combinations of clinical laboratory findings for the detection and exclusion of alcoholism (see Section 3.3). However, the findings in these studies are not comparable for the reasons given in the previous paper (10) .
A group of known alcoholics was used in the present study. The subjects were all interviewed by a Standard procedure, and all were given a thorough physical examination. The purpose of the study was to determine, with the highest possible probability of accuracy, those clinical chemical parameters that enable discrimination not only between these alcoholics and healthy persons but also between these alcoholics and patients with other disorders from the same population. The detection and exclusion of alcoholism are both dependent on diagnostic sensitivity and diagnostic specificity.
Those clinical chemical parameters were favoured that can be determined in all hospitals and in äs many physicians' Offices äs possible. This would enable an early diagnosis or suspected diagnosis of alcoholism without the patient's cooperation.
This goal was achieved for a group of hospitalized men using six clinical chemical parameters. The present paper is a report on this project. The programme developed is now being validated on suitable patient populations in hospital departments of internal medicine.
; '
Purpose of the Study and Experimente! Design
1.1 Purpose of the study
L 1.1 Detection of alcoholism
The goal here is äs high a diagnostic sensitivity äs possible coupled with an adequate level of specificity. This would permit the diagnosis of suspected alcoholism. The diagnosis could then be confirmed with the appropriate special investigations.
If it is known that a patient is an alcoholic then this can be taken into consideration when treating other disorders (e. g. by prescribing a higher dosage of a medication or a different drug). If alcoholism could be detected at the beginning of an organic or mental disorder the diagnostic process could be greatly simplified and thus also shortened.
The problem is not to differentiate alcoholics from "healthy" persons but rather from other patients who are not alcoholics, for example those who have chronic hepatitis or biliary cirrhosis, and thus for whom certain clinical parameters "äre butside the reference interval for healthy persons.
Exclusion of alcoholism
The goal here is äs high a diagnostic specificity äs possible with adequate sensitivity. Many pathological findings and many disorders can be caused by alcoholism (4, 5, 6 ). Because of the high prevalence of alcoholism among hospitalized patients but also in the general population, it would be very helpful if alcoholism could be excluded äs the cause with a sufficiently high degree of probability via clinical laboratory investigations.
Monitoring of treatment in alcoholics
It would be most useful in the treatment of alcoholics to have a procedure for the detection of renewed alcohol consumption for a longer period after the event thäii is currently possible by'ifoeasuring serum ethanol. In addition, an attempt should be made to detect those patients whose alcohol consumption has already resulted in isolated physical damage but not to the extent that the MALT criteria for alcoholism are fulfilled.
Subjects
The analytical results that served äs the basis for this study were also used in another part of the same project. They were obtained from carefully evaluated patients and thus from patients whose diagnosis with regard to alcoholism was definite. The details have been reported elsewhere (10) .
A few points should be stressed here, however.
For the questions raised in this study a reference sample group of "healthy" persons would not have been the most meaningful control group. Rather, it was essential that comparisons also be made with non-alcoholics who had been selected from the same hospital population äs the alcoholics. Therefore, the patients in this study were selected from a general city hospital (Munich-Schwabing City Hospital), a psychiatric hospital (Haar Regional Hospital) and (alcoholics only) a hospital specializing in the treat* ment of alcoholism (Annabrunn Alcoholism Treatment Centre).
Statistical evaluation
The following kinds of statistical evaluation were carried out:
1. Comparison of the results for alcoholics and healthy persons. The decision limits used were the upper and lower limits of the relevant reference interval (11, 12) and the location parameter for healthy persons. In the previous paper (10) these comparisons were made only for individual constituents, whereas in the present study combinations of cpnstituents were assessed.
2. Comparison of the results for alcoholics and nonalcoholics, both groups of subjects having been selected from the same populations of hospitalized patients. The decision limits were the same äs in the comparisons with healthy persons. The comparisons were made for both individual constituents and combinations of constituents.
3. Optimization of the decision limits with regard to the diagnostic criteria sensitivity, specificity and efficiency.
Materials and Methods
The patients and methods have been described in the report on another part of this project (10) . The reader is therefore referred to the following sections of the report on the earlier study: 
Biological influence factors and interference factors
Further Information is necessary only regarding the statistical procedures used.
Statistical procedures
Numerous comparisons were made in connection with this project. The statistical procedures used in these comparisons are listed below.
Comparison oflhe results for alcoholics and healthy persons
Here the results were compared using the relevant reference interval for healthy persons. This is a purely descriptive procedure, with the number and percentage of results above and below the reference interval being determined.
In addition, the location of the results for the alcoholics was compared with the location parameter of the reference values for the healthy persons in order to detect any systematic deviation; significance was assessed using the sign lest (13).
Comparison of the results for alcoholics and non-alcoholics
For each individual constituent the distribution of the results for the alcoholics was compared with the distribution for the non-alcoholics using the chi-square test.
Since in these comparisons the number of degrees of freedom (number of classes minus 1) and thus the critical values were not the same for all constituents, a standardized parameter X 2 was introduced where
and f is the number of degrees of freedom.
For the values of f occurring in this study a X 2 value of more than 3 can be regarded äs indicating a significant difference at the 1% level and a value above 5 a significant difference at the 0. l % level. For X 2 ^ f, X 2 is defined äs 0.
In comparing combinations those parameters were selected where the distributions for the alcoholics and non-alcoholics showed the langest differences.
The differences between distributions of combinations were analysed only with regard to discrimination between alcoholics and non-alcoholics, not with regard to significance.
Optimization of the decision limits
The usual procedure for achieving optimal discrimination between two populations such äs alcoholics and non-alcoholics is linear discriminant anaiysis. However, the application of this procedure with the analytical results obtained here did not yicld satisfactory rcsults. This is not surprising since linear discriminant analysis is based on the model of normal distributions with identical matrices of covariance, i.e. especially with identical Standard deviations for the individual values. Quadratic discriminant analysis, which is sometimes used, also assumes a normal distribution. But usually, and especially in this case, not even a normal distribution can be assumed, quite apart from identical Standard deviations. Therefore a System was developed that is äs simple äs possible and still effective. This procedure is based on the direct transfer of the term "decision limit" to several dimensions and the division of the multidimensional space into simple discriminance areas defined by such multiple decision limits. A detailed description of this procedure and a discussion of its application are the subject of another paper (14) . The fact that this simple method yielded substantially better results than the parametric procedure shows that, in contrast to the view sometimes expressed (15), the form of the distribution can have a decisive influence on the result of a parametric analysis.
A number of other well-known statistical procedures were also used in connection with this project. They are listed in table 2-1 according to the area of application.
Results and Discussion
The analytical results obtained for the alcoholics were compared with the reference intervals (11, 12) and location parameters of the analytical results obtained for healthy persons. Then the results for the alcoholics were compared with those for patients who were definitely not alcoholics, but who had been treated for some other problem on the same hospital wards äs the alcoholics. This comparison and the Information obtained from it provide the basis for achieving the goals initially set. The comparisons and the strategies for investigation derived from them are a practical example of the models developed in general cliriical chemistry (17, 18, 19, 20) and their applicability in connection with clinical questions.
Each section of results is followed immediately by a discussion of those fesults.
Comparison of the analytical results fqr alcoholics and healthy persons
Medical assessmeiit of analytical results (21) usually involves a comparison with the reference interval (earlier tefmed "normal ränge") for a group of people considered to be healthy. Thus a transverse assessment is usually made (22, 21) . Most of the published reports on chäriges in clinical chemical parameters in alcoholics are also based on this kind of comparison (I.e. (10) and Section 3.3). This was the case, too, for the group of alcoholics reported on by the present authors iri the previous paper (10). An assessment was made of the perceritäge öf the analytical results for the alcoholics above and below the reference interval or the location parameter for a representative sample of healthy persons.
The disorders found in the two groups of patients are listed in Diagnostic efficiency is defined in this paper äs the sum of diagnostic sensitivity and diagnostic specificity; 2 ) sensitivity + specificity = efficiency
Since sensitivity and specificity are given äs percentages, the highest possible value for diagnostic efficiency is 200. For quantitative tests the decision about whether a finding is positive or negative is based on a comparison with a decision limit. For transverse assessment in medicine this usually takes the form of a comparison with what is termed the reference interval. The initial decision limits used were therefore parameters for a reference population of healthy persons (upper and lower limits of the reference interval and the location parameter). First, each clinical chemical parameter was assessed alone.
Since it is well known that the diagnostic validity of clinical chemical tests can be improved by combining two or more tests, various combinations were then assessed for their diagnostic efficiency.
Finally, an attempt was made to optimize the diagnostic importance of individual investigations and combinations of investigations by altering the decision limits.
Comparison of alcoholics with other patients
The first
Step in comparing the analytical results for the alcoholics and non-alcoholics was to determine whether the distributions were significantly different. If there were significant differences between the distributions for alcoholics and non-alcoholics for a given constituent, then the diagnostic importance of that constituent in the detection and exclusion of alcoholism was assessed.
This assessment consisted of determining the diagnostic sensitivity, diagnostic specificity and diagnostic efficiency, each expressed äs a percentage.
Diagnostic sensitivity (%) = number of positive findings number of alcoholics x 100
Diagnostic specificity (%) = number of negative findings mumber of non-alcoholics
Differences between the distributions of analytical results for the alcoholics and the non-alcoholics
The differences were assessed with the chi-square test. A Standard measure was introduced because of the different degrees of freedom for the different constituents (see Section 2.5.2 above). The results of this assessment (performed äs described in Section 2.5.2) are shown in table 3-2. The level of efficiency with optimal decision limits (14 and Section 5.2) is given only for those constituents for which the differences between the distributions were significant at the 1% level or better. The significant difference at the 0.1% level in the distributions for alcoholics and non-alcoholics for creatinine is of greatest interest: For all the other parameters with significant differences between the distributions for alcoholics and non-alcoholics, the altered values in the alcoholics were already evident using the conventional assessment System, äs demonstrated in tables 3-1 and 3-2 of the previous paper (10).
x 100
2 ) Another common dcfinition of efficiency is the percentage of "correct" findings in the total sample. The reasons for using the above dcfinition instead are discussed elscwherc (14) . For subsamples of the samc size the definitions are the samc except for a factor of 2.
Tab If the distributions for a given constituent were significantly different, then the efficiency, assuming optimal decision limits, was determined (see Section 3.2.4). It was found that there was not always a correlation between the results of the chi-square test and the efficiency levels.
Diagnostic sensitivity, diagnostic specificity and efficiency of individual findings
Diagnostic sensitivity, specificity and efficiency were determined for each of the clinical chemical parameters studied s illustrated with γ-glutamyltransferase in table 3-3, assuming the usual decision limits (limits of the reference interv l or location p rameter of the reference values). As already pointed out, the diagnostic efficiency can h ve a maximum val e of 200. 3. Both are dependent on the decision limit used (e.g. limit of the reference interval, location parameter of the reference values or some other decision limit). If non-alcoholics are replaced by healthy persons and the decision limit is held constant a different specificity usually results.
4. Thus diagnostic sensitivity and diagnostic specificity are completely independent of one another. Knowledge of the value of one of these diagnostic criteria does not provide any Information about the value for the other (see example in table 3-3).
5. A particular level of efficiency is valid only for the combination of two specific distributions, in this case for the combination of the distributions for alcoholics and non-alcoholics.
Detection and exclusion
From the logical point of view the use of diagnostic sensitivity and diagnostic specificity is based on the exclusion principle, in analogy with statistical test procedures (14) . Here a negative test result taken alone does not necessarily mean the detection of non-alcoholics. A single test criterion can be used both to detect and to exclude alcoholics or non-alcoholics only if it has both sufficiently high sensitivity and sufficiently high specificity and thus sufficiently high efficiency. Otherwise different criteria must be used for detection and exclusion.
Diagnostic sensitivity, specificity and efficiency of constituent combinations
When differentiating between alcoholics and non-alcoholics on the basis of individual findings and conventional criteria (tab. 3-4), the highest level of efficiency was 145 and thus still unsatisfactory. It therefore seemed reasonable to try to obta i better discrimination by using combinations of findings. Table 3 -5 shows the combinations of positive findings found, including the number of alcoholics and non-alcoholics with each combination. There are numerous different patterns of findings, and it seemed useful to assess the efficiency of differentiation with these different patterns. Here it must be emphasized that the assessments were always made parallel to each other, not sequentially.
In the following, the findings for a s bgroup of alcoholics and a subgroup of non-alcoholics serve to illustrate the kinds of Information contained in table 3-5.
In the group of alcoholics (n = 82) with 3 positive findings (k = 3) there are 18 alcoholics (H k ). Of these 18 alcoholics, one-third had no elevation of γ-glutamyltransferase, and 4 had no positive liver findings at all. All alcoholics without elevated γ-glutamyltransferase had elevated MCV and a drop in either creatinine or urea or both. Of the 82 alcoholî cs, 65 had between 3 and 6 positive findings (Hk).
In the group of non-alcoholics (n = 70), 20 (H k ) had 2 positive findings (k = 2) and 52 had 2 or fewer positive findings (ΗΓ). Of these v 52, 6 r had elevated γ-glutamyltransferase but no elevation of aspartate aminotransferase or alanine aminotransferase; 2 had elevated MCV, l decre sed creatinine and 3 a drop in urea-N below the location parameter of the reference sample group. 
Combinations of two
The power of differentiation for 10 combinations of two in which at least one finding is positive are shown in table 3-6, arranged according to level of efficiency. A marked increase in sensitivity (alcoholics) is evident for the combination γ-glutamyltransferase/MCV (92% rather than 78% and 73% respectively for the individual constituents); however, the specificity (non-alcoholics) of this combination at 40% is lower than that for the individual findings.
Tab. 3-6. Combinations of two findings, at least one of which is positive.
Constituent combinations
Positive findings 1 GOT/creat 2 γ-GT/creat 3 γ-GT/GOT 4 V -GT/GPT 5 MCV/creat 6 Creat/urea-N 7 GOT/urea-N 8 GOT/MCV 9 GPT/creat ΙΟγ-GT/MCV The specificity improves very markedly, to 87%, if the requirement is made that both findings are abnormal (tab. 3-7).
Tab. 3-7. Combinations of two findings, both of which are positive.
Positive findings 1 γ-GT/urea-N 2 γ-GT/MCV 3 γ-GT/GOT 4 GOT/urea-N 5 GOT/MCV 6 MCV/urea-N 7 Creat/urea-N 8 γ-GT/creat 9 GOT/GPT 10 MCV/creat 
Combinations of three
For these combinations, if it is required that at least two findings be positive (tab. 3-8) the efficiency can be increased over that shown in table 3-7; specificity is then somewhat poorer, but sensitivity is much better.
Tab. 3-8. Combinations of three findings, at least two of which are positive.
Constituent combinations Sensitivity Specificity Efficiency alcoholics nonalcoholics/ alcoholics nonalcoholics
Positive findings 1 γ-GT/MCV/creat 2 r GT/GOT/urea-N 3 GOT/MCV/creat 4 GOT/cireat/urea-N 5 γ,-GT/GOT/creat 6 y-GT/creat/urea-N SY-GT/G T/MCV 9Y-GT/GPT/MCV 
Combinations of four
For the combinations shown in table 3-9 the highest sensitivity is obtained if only 2 positive findings are required, whereas the highest specificity is obtained (with a different combination) if at least 3 positive findings are required. 
Combinations of five
The following can be seen in table 3-10:
1. For the combination γ-glutamyltransferase, aspartate aminotransferase, alanine aminotransferase, MCV and creatinine and a requirement of at least 2 positive findings, 85% of the alcoholics are included (see sensitivity) and 64% of the non-alcoholics are identified s such with l positive finding at most (see specificity).
2. For the combination γ-glutamyltransferase, aspartate aminotransferase, MCV, creatinine and urea and a limit of 3 positive findings, 96% of the non-alcoholics are included (see specificity) and 51% of ics and non-alcoholics (tab. [3] [4] [5] [6] [7] [8] [9] [10] [11] . The effects on efficiency, sensitivity and specificity of a change in the decision limit are shown in table 3-12. The highest efficiency is obtained when the decision limit is 45 »U/l.
All individual constituents for which it was possible to obtain a maximum level of efficiency of at least 130 are shown in table 3-13 along with the optimized decision limits.
Tab. 3-11. Frequency distribution for γ-glutamyltransferase.
the alcoholics are identified s such positive findings (see sensitivity). Combinations of six do not bring any improvement in power of differentiation. 
Optimiz tion f the decision limits: Increasing diagnostic efficiency with reference to other patients
The decision limits were optimized first for individual constituents and then for constituent combinations.
Individual constituents
For individual constituents only the efficiency can be optimized. The process is illustrated using the distribution of γ-glutamyltransferase activity for alcohol- 
Combinations
The following can be seen in table 3-14:
1. For combination no. 5, consisting of the 6 constituents γ-glutamyltransferase, aspartate aminotransferase, alanine aminotransferase, MCV, creatinine and urea, 83% of the alcoholics can be included if there are at least 5 positive findings (see sensitivity) and 89% of the non-alcoholics can be recognized s such (see specificity) if there are 4 positive findings at the most. This means that this combination with these restrictions can be used to detect the non-alcoholics.
2. The complementary Situation for the same combination is that 89% of the non-alcoholics can be included with 4 positive findings at the most (see specificity) and 83% of the alcoholics can be identified s such if there are at least 5 positive findings. This means that this combination in this form can be used to detect the alcoholics. The two applications complement each other if both the sensitivity of 83% and the specificity of 89% are regarded s being high enough.
3. For the combination of γ-glutamyltfansferase, as^· partate aminotransferase, the ratio aspartate/alanirie aminotransferase, MCV, creatmiiie and urea, 86% of the alcoholics are included if at least 5 positive findings are required (see sensitivity) and 87% of the non-alcoholics can be identified s such (see specificity) if there are at least 4 positive findings* If a sensitivity of specificity of 100% is fequired, then for a combination f six either a maximum sensitivity of 59% or a maximum specificity of 53% can be attained. Considering the marked overlapping of the distributions, such requirements must be regarded s unrealistically severe. Therefore in tables 3-15 and 3-16 respectively specificity and sensitivity were set at 95%. In our statistical evaluations, marked overlapping of distributions was also found for combinations of constituents. As a result, a complete Separation of alcoholics and non-alcoholics is not possible with any procedure. The combinations of six with optimized decision limits shown in Section 3.2.4.2 appear to us to be the best combinations of clinical laboratory findings for the differentiation of alcoholics and nonalcoholics in patient populations.
The levels of discrimination reported by Ryback et al. (26) and Eckardt et al. (29) appear to us to be unrealistic. This is because
(1) alcoholics were compared with individuals who were apparently healthy and (2) quadratic discriminant analysis was used (the structure of our data and our results indicate that the prerequisites for this procedure are not fulfilled).
Conclusions
The investigations reported here were performed on men only. The conclusions are therefore valid for men only. In an analogous study with the same design but with women s subjects all tests have been completed and the data are now being evaluated.
With regard to thepurpose ofthe study the following has been learned:
Thus it appears possible to detect alcoholism with a high degree of probability using simple means and without the cooperation of the patient.
Exclusion of alcoholism
The exclusion of alcoholism on the basis of a statistical discrimination procedure is synonymous with the detection of non-alcoholism.
If the 5 parameters γ-glutamyltransferase (<28 U/l), aspartate aminotransferase (<18 U/l), MCV (<96 fl), creatinine (>66.3 μπιοΐ/ΐ) and urea (>5.0 mmol/Ί) are studied, alcoholism can be detected if 4 or more of the results are outside the conventional decision limits given in parentheses (tab. [3] [4] [5] [6] [7] [8] [9] [10] . For this combination the diagnostic specificity is 96%, the diagnostic sensitivity 50% and thus the efficiency 146.
If the decision limits are optimized and the specificity maintained s above, the sensitivity can be increased to about 67% (tab. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Efficiency can be increased to 171 for 6 parameters, no ratio, or 174 for 6 parameters with ratio (tab. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] .
It thus appears to be possible to exclude alcohol ab se very quickly with a high level of probability, using simple investigations.
3. It is essential that these patterns of findings in alcoholics and non-alcoholics be validated with patients who have disorders of the liver, the blood and blood-forming organs, the kidneys and the circulatory System. A validation study with men is in progress.
Detection of alcoholism
Detection of alcoholism on the basis of a statistical discrimination proced re is syiionomous with exclusion of non-alcohojism.
If the 5 parameters Y±glutamyltransferase (^28 U/l), aspartate aminotransferase (^18 U/l), alanine aminotransferase (^22 U/l), MCV (^96 fl) and creatinine (^66.3 μπιοΐ/ΐ) are studied, alcoholism can be detected on the basis of 2 of m re of the results being outside the conventional decision limits given in parentheses (tab. [3] [4] [5] [6] [7] [8] [9] [10] . The diagnostic sensitivity is 85%, the diagnostic specificity 64% and thus the diagnostic efficiency 149.
If the decision limits are optimized and the sensitivity maintained about s above, the specificity can be increased to about 89% and the efficiency to 171 for 6 parameters, no ratio, or 174 for 6 parameters with ratio ( tab. 3-14) .
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